
COMMUNICATIONS

Photoinduced fluorescence from the perylene cation isolated in Ne and
Ar matrices

C. Joblin, F. Salama, and L. Allamandola
NASA Ames Research Center, MS: 245-6, Moffett Field, California 94035-1000

~Received 22 March 1995; accepted 18 April 1995!

The fluorescence and fluorescence excitation spectra of the perylene cation isolated in neon and
argon matrices are reported. This is the first report of the fluorescence spectrum of a polycyclic
aromatic hydrocarbon ion in any phase. ©1995 American Institute of Physics.

LETTERS TO THE EDITOR
The Letters to the Editor section is divided into four categories entitled Communications, Notes, Comments, and Errata.
Communications are limited to three and one half journal pages, and Notes, Comments, and Errata are limited to one and
three-fourths journal pages as described in the Announcement in the 1 July 1995 issue.
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I. INTRODUCTION

Polycyclic aromatic hydrocarbon~PAH! ions are consid-
ered to be plausible candidates to account for the diffu
interstellar bands~DIBs!. The DIBs are visible absorption
features observed in the spectrum of the interstellar matter
recent review of the DIB carrier candidates is given in Re
1. It has quite recently been recognized that some DIBs a
also seen in emission2 implying that their carriers can relax
radiatively. We have developed an experiment to study t
electronic luminescence of cold, isolated PAH ions an
thereby test their relevance as a class of DIB carrier can
dates. With the exception of benzene and some of
derivatives,3~a!,3~b! and the decacyclene anion,3~c! no studies
of the luminescence of aromatic ions have been publishe
We report here the fluorescence of the perylene cati
~C20H12

1 ! isolated in inert gas matrices~Ne, Ar!.

II. EXPERIMENT

The experimental setup used for the study of the abso
tion of neutral and ionized PAHs using matrix isolation spe
troscopy has been described previously.4 Briefly, the experi-
mental procedure consists of~i! preparing a sample of
neutral and ionized perylene molecules isolated in a rare g
matrix, ~ii ! probing the sample in absorption to check th
degree of isolation of the trapped molecular species and th
ionization yield, and finally~iii ! performing luminescence
measurements.

Neon ~or argon! gas and perylene, evaporated unde
vacuum from an oven, are co-deposited on the cold~4.2 K!
sapphire window of a continuous flow liquid helium cryosta
Ions are formed by the VUV radiation~10.2 eV! from a
microwave-powered H2 flow lamp. The absorption spectrum
of the ions formedin situ is measured with a UV-visible near
IR spectrograph. For emission studies, the excitation sou
and the detection system light paths are at 90° with respec
one another, and the sample window is positioned at abo
30° with respect to the excitation source light path. A quar
tungsten halogen lamp serves as the excitation source.
diation from this lamp is filtered with a 0.2 m monochro
mator to provide broadband excitation~typically 20 nm
FWHM and 40 nm base width, for 6 mm slits!. The entrance
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slit of the spectrograph is opened at 30mm for absorption
measurements and 1 mm for emission measurements. Th
spectral resolution is 0.1 nm for the absorption spectra pre-
sented here, and about 1 nm for the emission spectra. The
band positions given in this study are averaged over severa
experiments and the errors correspond to one sigma.

III. RESULTS

The absorption spectrum of the perylene cation isolated
in a Ne matrix is shown as a solid line in Fig. 1. This spec-
trum compares well~allowing for the matrix-induced shift!
to the absorption spectrum of the perylene cation isolated in
an Ar/CCl4 matrix.

5 Transitions are assigned following Ref.
6. The strongest absorption band falls at 525.160.1 nm and
is associated with theD0(

2Au)→D5(
2B3g) transition. The

low energy D0(
2Au)→D1(

2B3g) transition is weak. The
bands associated with this transition show a multicomponent
splitting which is not observed in Ar matrices. For example,
the origin of the transition consists of at least five compo-
nents at 791.7, 792.7, 793.6, 794.3, and 794.860.1 nm. This
splitting can arise from the presence of different sites within

FIG. 1. The visible absorption spectrum of the perylene cation~C20H12
1 !

isolated in a Ne matrix~solid line!. The triangles represent fluorescence
excitation spectra. The peak intensities of the strongest emission bands~Fig.
2! at 794.1~plain triangles! and 817.3 nm~empty triangles! are plotted vs
the central wavelength of the excitation band. The 20 nm wide excitation
bandwidth is indicated by the horizontal bars.
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the solid matrix and/or from transitions involving low vibra-
tional frequencies of the perylene cation. In particular, lo
frequencies at 13 and 48 cm21 have been deduced from jet
measurements of theS1 state of neutral perylene7 and iden-
tified as the low frequency modes of the molecule.8 These
spectral details will be discussed in a forthcoming paper.9

A set of emission bands are observed to the red of t
first absorption system when exciting in the region of th
strong 525.1 nm absorption band~Fig. 2, upper trace!. A
similar emission spectrum is obtained when exciting in th
region encompassing theD0(

2Au)→D3(
2B2g) transition,

centered near 723 nm~Fig. 2, lower trace!.
The first ~highest energy! emission band falls at 794.1

60.1 nm with a shoulder at 792.360.1 nm. To check that the
perylene cation is indeed responsible for this emission, w
have measured the excitation spectrum. The upper spe

FIG. 2. TheD0(
2Au)←D1(

2B3g) fluorescence spectrum of the perylene
cation ~C20H12

1 ! isolated in a Ne matrix at 4.2 K. The same emission spe
trum is induced by pumping the two strongest absorption bands of the cat
~525 and near 723 nm! with a 20 nm FWHM band. The spectra have no
been corrected for the instrumental response of the system.
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~plain and empty triangles! in Fig. 1 represent the peak in-
tensities of the two strongest emission bands at 794.1 and
817.3 nm as a function of the central wavelength of the ex-
citation band. The excitation band is about 20 nm wide at
half-maximum in each case as indicated by the horizontal
bars in Fig. 1. To remove any contribution from the second
order of the neutral precursor strong fluorescence, which
falls between 420 and 520 nm, a red filter~Model BG 715!
has been installed between the sample and the collection op
tics. The agreement shown in Fig. 1 between the absorption
and the fluorescence excitation spectra indicates that the
perylene cation is the carrier of the strongest emission fea-
tures displayed in Fig. 2. The weaker emission features to the
red seem to be related to the strongest features.

The 794.1 nm emission band is very close to the first
electronic transition of the perylene cation and, in particular,
to the 794.3 nm absorption component. Thus, we assign the
794.1 nm emission band to the fluorescent emission associ
ated with the 0–0 transition from theD1(

2B3g) to the
D0(

2Au) state. The other emission bands seen at lower ener-
gies probably arise from transitions between the lowest level
of the D1 state to various excited vibrational levels of the
ground stateD0 ~see Table I!. Shoulders observed on the
blue side of the emission bands are likely due to fluorescence
from a different matrix site, as the shoulder observed at
792.3 nm is very close to the 792.7 nm absorption compo-
nent.

The emission spectrum of the perylene cation isolated in
an Ar matrix at 4.2 K has also been measured and is com-
pared in Fig. 3 to the Ne matrix spectrum. The origin of the
emission band at 792.260.1 nm in an Ar matrix is slightly
red-shifted compared to the origin of theD0→D1 transition
measured at 791.260.1 nm in absorption.5,9 Excitation spec-
troscopy confirms that each~strong! band is related to the
perylene cation.

c-
ion
t

TABLE I. Fluorescence band positions and vibrational spacings of the perylene cation isolated in Ne and Ar
matrices at 4.2 K. The band intensities are characterized as strong~s!, medium~m!, weak~w!, and very weak
~vw!. Blue shoulders~sh! are observed in Ne matrices, which are attributed to the presence of a different site in
the solid matrix. The spacings associated with this site are indicated by an asterisk~* !. All symmetrical ~ag!
frequencies calculated for theD0 state~Ref. 6! are reported for comparison.

Ne matrix Ar matrix
Calculations
Dn ~cm21!l ~nm! Dn ~cm21! l ~nm! Dn ~cm21!

792.360.1 ~sh! 0* ~22862!
794.160.1 ~s! 0 792.260.1 ~s! 0
815.460.1 ~sh! 35661*
817.360.2 ~s! 35662 815.360.1 ~s! 35863 363

820.060.1 ~w! 42862 486
828.860.2 ~vw! 52662 828.260.2 ~vw! 54964 572
842.360.1 ~w! 72061 834

~35632!
869.760.3 ~vw! 109465 1043, 1120
878.460.8 ~vw! 1207610 1188

883.460.1 ~s! 130362 1308
891.360.1 ~sh! 140061*
893.560.1 ~w! 140062 890.860.1 ~s! 139762 1362, 1418, 1478
906.560.2 ~sh! 158961*
908.860.2 ~m! 158962 907.360.2 ~s! 160161 1557, 1636
938.560.1 ~vw! 193762

~15891356!
, No. 24, 22 June 1995t¬to¬AIP¬copyright,¬see¬http://ojps.aip.org/jcpo/jcpcpyrts.html.
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The positions of the emission bands and the associa
vibrational spacings are summarized in Table I. The spac
values of 358, 549, 1397, and 1601 cm21 measured in Ar
matrices are in good agreement with the values of 356, 5
1400, and 1589 cm21 measured in Ne matrices, and compa
well with theoretical calculations, supporting their assig
ment as fundamental frequencies of theD0 state of the
perylene cation. Figure 3 shows that the relative intensit
of the emission bands observed in the 880–910 nm ran
compared to the bands observed in the 790–830 nm ra
are much stronger in Ar than in Ne matrices. Also, the stro
883.4 nm band in the Ar matrix, which corresponds to
spacing of 1303 cm21 from the 0–0 band, is not observed i
Ne. These differences observed between the two matrix
vironments will be discussed in detail in Ref. 9.

FIG. 3. TheD0(
2Au)←D1(

2B3g) fluorescence spectrum of the perylen
cation~C20H12

1 ! isolated in Ar~upper trace! and Ne~lower trace! matrices at
4.2 K. The emission is induced by pumping the strongD0(

2Au)→D5(
2B3g)

absorption band at 525.1 and 534.8 nm in Ne and Ar matrices, respectiv
with a 20 nm FWHM band. The emission spectra have not been corre
for the instrumental response of the system.
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IV. CONCLUSION

We report the fluorescence spectra of the perylene catio
isolated in neon and argon matrices. Evidence is found fo
medium-induced perturbations as well as site selectivity
This will be discussed in detail in a forthcoming paper.9 Due
to its fluorescence properties, the perylene cation seems to
an attractive candidate for studies of the electronic propertie
of an isolated PAH ion in molecular beams. From an astro
physical point of view, these studies show that PAH ions ca
also be considered as potential carriers of DIBs seen in em
sion. However, as with all DIB assignments, measuremen
on species in the gas phase are needed.
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